INTRODUCTION
In many parts of the world surface drainage after a heavy rainfall poses a great problem. Problem of drainage is more acute on flat land because of less outflow and more surface detention.
On these problems numerous research works have been made by means of the lumpedsystem models.
For instance, the rice field regions and/or the main channel reaches have often been treated as simple hydraulic reservoirs or tanks9).
The assumptions are, however, conceptual and have not been discussed in details based on the hydraulic behaviour of water flow in the region.
That is, the so-called dischargestorage relationship is assumed as simple functions in many cases and on this basis the discharge hydrograph has been simulated. However, the coefficients involved in the discharge-storage relation must be estimated by using the numerous observed hydrologic data in the watershed concerned.
Although the method is very practical for the brief treatment of runoff phenomena, there are some difficulties in applying it to the watershed with no observed data and also to the drainage plannings in such a region where the values of several hydrologic characteristics will vary due to the construction of new artificial drainage systems.
Moreover, the problems as to whether any region may be treated as a lumped model or must be described by the distributed model have not been clarified in connection with the physical features of phenomena within the region.
On the other hand, the kinematic wave meth- ( 1 ) 
It is also considered that there is no flow before the occurrence of rainfall and as such u=0 and h=0 at t= 0 .
Now, in order to convert Eqs. (1) and (2) to non-dimensional form7) the normalizing operators5) x*, h* and t* are chosen respectively for x, h and t. Then the quantities of distance, depth, time, velocity and slope are expressed as ( 6 ) (20) in which the suffices j= 1, 2 indicate the quantities for the overland flow and the channel flow, respectively.
The quantity I in the third term of Eq. (20) is given by (21) In terms of the non-dimensional parameters introduced above, the boundary and initial conditions expressed by Eqs. (4) and (5) b) Parameter I From Eq. (6) it is found that the parameter Magnitudes of the parameters corresponding to several runs are shown in Tables 1 and 2 for  the overland and channel systems, respectively. d) Boundary condition In Japan free fall condition at the outlet is not generally found.
But due to different topographic and hydrologic conditions, for instance in Bangladesh the outlet condition is generally considered as free fall. In this study, free fall and as such critical condition of flow is considered at the outlet of both overland and channel.
However, the method of solution adopted in this study may also be extended to other types of outlet condition.
(3) Stability of solution Sufficient conditions for the numerical stability of non-linear finite difference equations are not known. In this study, the stability of the solution is checked by the following condition5) suggested by Von-Neumann.3) (23) where ƒÊ is ‡™t/ ‡™x, and c= •ãgh is called celerity. curves approximated to be straight lines are found to be parallel to one another. It is found that for slope parameters I1=I2=10-2, the storage-discharge relation may be expressed by Eq. (25). For the channel, the same values of C= 1.0 and m=0.233 as for the horizontal bed are obtained, but for the overland C=1.0 and m = 0.245 are obtained.
DISCUSSIONS (1) Storage-discharge relationships
The derived approximated values of C= 1.0, m=0.233 with respect to Eq. (25) gives an error of 5% to 10% at very low discharge for the overland storage-discharge relation in Fig. 16 . But, as the discharge increases, the error diminishes and becomes negligible. The channel storagedischarge relations in Fig. 16 may also be expressed by Eq. (25) with negligible error.
If the rising and recession limbs of overland storage-discharge relation as shown in Fig. 17 are approximated to be straight lines, the error in the case of rainfall of cosine variation is found to be comparatively larger than that for triangular variation.
Even then, the maximum error in the case of rainfall of cosine variation at very low discharge is in between 5% to 10%. But this error decreases with increasing discharge and becomes negligible. Fig. 18 shows an example of variation in the storage-discharge relation for the rainfall of cosine variation of different dm ations. For over- is included in the parameter e, the non-dimensional S-Q relation may be identified for the basin.
(2) Limitation of the applicability The storage-discharge relation as expressed by Eq. (25) is expected to be applicable for any pattern of rainfall, for any normal roughness condition of the basin and for any practical flow length.
But the applicability of Eq. (25) is limited by the slope parameter. Equation (25) is expected to hold good for any value of slope parameter varying from I=0 to I=10-2.
But for higher values of slope parameter, the difference between the rising and recession limbs in the storage-discharge curves is wider. If for such cases the storage-discharge curves are approximated to be straight lines and Eq. (25) is applied, then the resulting error may be so large that the relation given by Eq. (25) is of no practical significance. As such, it is recommended that Eq. (25) may be applied to overland and channel systems having slope parameter from I =0 (horizontal) to I=10-2. (27) cosine variation and triangular variation respectively. Fig. 25 shows the overland discharge hydrograph obtained by computer solution for Ii=10-2 under rainfall of constant intensity and that by Eqsl (27) and (28) with C=1.0 and m= 0.233. The calculations by the two systems are found to agree extremely well, for all the above cases.
(4) Practical use In case of conventional storage-discharge relation of S=kQP, the magnitudes of k and p are generally determined from the data of direct field observations. A large number of observed data become necessary with the variation of rainfall pattern and basin characteristics. In this context, the results obtained by this study are of great practical significance. The work involving laborious and time consuming detailed calculations and direct field observations to specify the parameters may be greatly reduced. Of course, the actual runoff process includes many complicated factors, but it should be noted here that the essential form of the non-dimensional S-Q relation is expressed in terms of the hydraulic and geographical characteristics.
If the rainfall records and basin characteristics are known, the magnitudes of the coefficient and the exponent in storage-discharge relation obtained by the numerical solution of this study may be put to immediate practical use. Overland discharge hydrographs may be prepared with the help of Eqs. (27), (28), and (29). For channel, similar equations may be deduced and applied. The above equations cover a wider range of values for different rainfall patterns and basin characteristics.
The only restriction is in the case of slope parameter.
The results of this study may be applied with great accuracy to all basins having overland and channel slope parameters varying from I=0 to 1=10-2. To solve the runoff problems in Bangladesh which is predominantly flat and other flat basins around the world this study provides a brief, convenient and direct method which may be put to practical use without difficulties.
The non-dimensional discharge hydrographs obtained with the help of Eqs. (27), (28) and (29) may be converted to dimensional forms by multiplying Q and T by their normalizing operators q* and t*. Other hydraulic characteristics e.g. water profile etc. may similarly be converted to dimensional quantities.
CONCLUSIONS
The following conclusions may be drawn as a result of this study. 1) For overland and channel flow systems over horizontal beds, the parameters g, n, L and may be combined together and replaced by a single non-dimensional parameter e as expressed by Eq. (18). For sloped beds, however, there is an additional parameter I as expressed by Eq. (21).
2) Discharge hydrographs, water profiles, storage-discharge relations etc. for overland and channel basins may be obtained by using an appropriate mathematical model and numerical methods.
3) For the overland and channel having slope parameter varying from I= 0 to 10-2, the nondimensional storage-discharge relation is expressed by The values of the parameters m and C are estimated as m = 0.233 and C=1.0 for the general use. 4) For the overland and channel having slope parameter from I=0 to 10-2, it is possible to lump the distributed system into a lumped system. It is possible to construct the discharge hydrograph directly from rainfall data and basin characteristics.
Other hydraulic behaviours in the flat land may also be analyzed with the help of the non-dimensional expressions for the general cases.
